ABSTRACT
INTRODUCTION
The clinical applications concepts in restorative dentistry are in continuous development, to fulfill the increasing demands for esthetic restorations that are mainly achieved using resin composite. 1 However, the main disadvantage of these materials is their polymerization shrinkage that leads to stress induced on the bonded surfaces and gaps formation with occasional postoperative sensitivity, especially in deep cavities. 2 The clinical use of resin composite is considered to be technique-sensitive in order to achieve a long-term durable bond and a restoration free of bacterial contamination. 3 The working field should be isolated and free of moisture from the oral cavity; a progressive polymerization technique to reduce shrinkage is preferred. 4 Furthermore, composites are not cariostatic materials, and bonding to dentin can be unpredictable with a significant variation in the bonding efficiency. [5] [6] [7] Research is still ongoing to find an ideal material for restoration, which has physical and mechanical properties similar to tooth structure and resistant to masticatory forces, while having satisfactory esthetic properties. 8 Glass ionomer has been extensively explored due to several benefits they provide compared with other restorative materials. In particular, self-adhesion to tooth structure is unique among all the restorative materials. 9, 10 The major advantages of GIC are chemical adhesion to enamel and dentin, fluoride release, and biocompatibility. However, their low resistance to abrasion and low esthetic properties are among their main drawbacks explaining why these materials are not widely used in restorative dentistry for permanent fillings.
Nowadays, the new generation of GIC ensures better esthetic results and higher and improved mechanical properties through the smaller glass particles that increase the viscosity of the material. 12, 13 Recently, a new GIC (EQUIA, GC Tokyo, Japan) was introduced in the market. It is made of a pure high-viscosity GIC (FUJI IX extra) coupled with a nanofilled resin varnish (EQUIA coat) that increases the resistance to abrasion of the GIC, improves marginal integrity, and leads to a satisfactory esthetic result. As reported by the manufacturer, this GIC has a coefficient of thermal expansion close to that of dentin, thereby reducing the micro-gap between the tooth and restoration, which decreases the risk of secondary caries. In addition, there is a six times more fluoride release than by the conventional GIC and the ability to fill the restoration in one shot or "bulk technique". The hardness of the GIC increases over time when in contact with saliva. 14 The purpose of this study was to compare clinically a GIC (EQUIA) with a microhybrid composite (Amelogen Plus) in restoring class I cavities on permanent molars. The null hypothesis tested was that there was no difference between both materials used in restoring class I cavities.
MATERIALS AND METHODS

Study Design
A split-mouth design was followed where the central incisors received the same type of restoration. Randomization was based on the paired teeth, and it was performed using the flip of a coin for the choice of the composite material.
Inclusion and Exclusion Criteria
Between September 2013 and May 2014, a total of 15 patients aged between 25 and 63 years (9 females, 6 males, and mean age: 41.3 years) received 50 class I direct restorations. The patients recruited for this study were referred to the Department of Restorative Dentistry at the Faculty of Dental Medicine, Saint Joseph University, Lebanon. All patients were provided with an informed consent form approved by the ethical committee of the university's Institutional Review Board. Three patients left the study for traveling purpose; the final number of selected cavities in the study was 40.
The inclusion criteria were subjects that were at least 18 years old, able to read and sign the informed consent form, willing to return for follow-up examinations, having no active periodontal or pulpal diseases, and having teeth with good restoration. Patients with uncontrolled parafunction or presenting unsatisfactory oral hygiene were excluded from the study.
Clinical Procedures
One skilled operator (KK) placed all the restorations. The cavities were prepared using a high-speed (Kavo, Germany) diamond bur and caries was removed using metallic burs and hand excavators. Teeth were isolated using a rubber dam to insure a moisture-free environment and avoid any contamination.
A total of 20 cavities were restored with an A3 shade microhybrid composite (Amelogen Plus, Ultradent, Utah, USA) following the manufacturer's instructions: Cavities were etched with phosphoric acid for 15 seconds (BIODINAMICA, 36%), rinsed, and gently dried avoiding any desiccation. Then, a bonding agent (PQ1, Ultradent, Utah, USA) was applied, air thinned and light cured for 20 seconds using a light-emitting diode polymerization device that uses a growing intensity of 1200 mW/cm 2 (Dentamerica Litex 695 LED curing light, California, USA). The resin composite was placed in increments of 2-mm layers and light-cured for 40 seconds.
The other 20 cavities received a GIC restoration (EQUIA, GC Tokyo, Japan), following the manufacturer's instructions: Cavities were etched using the conditioner (GC cavity conditioner) for 10 seconds, then rinsed gently, and dried avoiding any desiccation. Then, the capsule was activated and material injected into the cavities using a bulk-filling technique. After condensation and setting of the material, occlusal adjustment was performed, and finally, a coating layer was applied (EQUIA coat) with a microbrush and light-cured for 20 seconds (Fig. 1) .
For both materials, occlusal adjustments and polishing were done with diamond red and yellow ringed burs under irrigation, and the finishing made with silicone cups (Enhance, DENTSPLY, Pennsylvania, USA) mounted on contra-angle.
Evaluation Criteria
Two calibrated observers, who were blinded to the objective of this study, performed the evaluations. Both observers evaluated the restorations independently, according to the modified USPHS criteria (Table 1) .
After data collection, in case of discrepancies in scoring, restorations were evaluated again, a consensus was reached, and this was accepted as the final score. Caries, chipping, debonding, fracture, and severe discoloration were considered as absolute failures. Restorations were evaluated at baseline, after 3, 6, and 9 months. Patients were instructed to call, upon any kind of failure. The parameters evaluated were color match, marginal discoloration, marginal adaptation, secondary caries, surface texture, anatomic contour, and postoperative sensitivity. Evaluation was performed visually and with an explorer following the modified USPHS. At each control visit, bite-wing radiographs were taken that helped also in evaluating marginal adaptation and secondary caries. At baseline, the shade was also recorded using an intraoral spectrophotometer (VITA EasyShade, VITA-Zahnfabrik, Germany) that helped in color evaluation. Sensitivity was assessed by tactile and air-blast tests, while the surface texture was inspected visually with a mirror and explorer for classification as enamel-like surface, rougher than enamel, and unacceptably rough.
Statistical Analyses
Data were analyzed using Statistical Software Package for the Social Sciences (version 17.0, Chicago, Illinois, USA). The significance level was set to p ≤ 0.05. Indicators to be measured in this study were color match, marginal discoloration, marginal adaptation, secondary caries, surface texture, anatomic contour, and postoperative sensitivity. For each of the criteria, a score of alpha was used to indicate the highest degree of clinical acceptability, and scores of Bravo, Charlie, and Delta were used to indicate progressively lessening degrees of clinical acceptability (Table 1) .
Each of these indicators has been studied as a function of two factors: 1. Time: Baseline-3, 6, and 9 months (intrasubject factor).
2. Nature of the filling materials: Amelogen Plus (Ultradent, South Jordan, USA) and EQUIA (GC Tokyo, Japan). Fisher exact tests were used to compare scores with time and between groups.
RESULTS
The results of this study are summarized in Table 2 .
There was no significant difference between Amelogen and EQUIA within the clinical observations at 3, 6, and 9 months (p > 0.05) for the evaluated parameters, except for surface texture that decreased significantly over time for the cavities restored with EQUIA (p < 0.05).
DISCUSSION
The results of this study led to the acceptance of the null hypotheses that there was no significant difference between tested materials except for the surface texture of teeth restored with EQUIA, which showed rougher surface when compared with baseline. The GIC restorations have several advantages when compared with other restorative materials, mainly, the release of fluoride, chemical adhesion to dental structures, as well as an acceptable moisture tolerance. Clinical studies in class V cavities showed very promising results following the filling with GIC. 15, 16 The poor mechanical properties of conventional GIC compared with resin composite make them unlikely to be used in the posterior regions. 12 Significant efforts have been made to enhance the strength and mechanical properties of GIC as a GC company introduced EQUIA with improved properties to be used as an alternative to resin composite and amalgam in permanent teeth.
The results of the present study reported no significant differences in shade matching, postoperative sensitivity, material handling, secondary caries, and marginal staining between GC (EQUIA) and the resin composite (Amelogen Plus, Ultradent) used for class I cavities in permanent teeth; this is in accordance with a recent published study by Gurgan et al 17 that evaluated the clinical performance over 6 years of GIC systems, concluding an acceptable behavior of EQUIA over time. Another clinical report showed that the EQUIA system, based on a high-viscosity resin-coated GIC cement, seems to be a reliable choice for long-term dental restorations, even in load-bearing teeth surfaces. 18 In our study, no significant difference was found in the anatomical shape of the material. All restorations were intact after 9 months and no fracture or loss of material was reported; this may be due to the improved mechanical properties of the high-viscosity tested GIC. The compressive strength of the GIC increases with time from 136 to 236 MPa after 24 hours. 19 Another study 20 showed a survival rate of 93% for 3½ years and 60% over 6 years in class II, which is not optimal, but is within the level of success of composite restorations. 21 A study by Scholtanus and Huysmans 21 showed that adding a nanocharged resin on the surface of GIC improves its mechanical properties significantly. All these studies confirmed the results reported in this study.
Regarding the surface texture, there was a significant difference between "EQUIA" and "Amelogen Plus." Six cavities restored with GIC received a Bravo score, meaning that the surface was rougher than enamel, but still clinically acceptable; this may be due to the loss of the nanocharged resin layer that was applied on the surface of the restoration to protect the GIC until complete setting. This is in accordance with other published reports stating that the nanocharged resin layer applied to the surface of the GIC will improve its abrasion resistance significantly. 22 The results of the present study showed that EQUIA performed similarly to resin composite that is in accordance with other studies 23, 24 reporting that highviscosity GIC can be used as permanent restoration with satisfactory results over 2 years. Long-term resistance to abrasion of high-viscosity GIC can be achieved as long as early wear characteristics are improved and no premature loss of the protective resin layer occurred due to several factors such as aggressive brushing or bruxism. 25 Marginal adaptation reported no difference between the tested materials that may be explained by the presence of a resin layer securing a protective barrier, which isolates the restoration from all external contamination. According to the study by Lohbauer et al, 26 the resin layer ensures the sealing of the restoration and protection from any porosities and cracks; in addition, the GIC chemically adheres to dental structures unlike composites that require an adhesive. The GIC is delivered in capsules with an ideal powder/liquid ratio as instructed by the manufacturer. Hence, for daily clinical use, it is best to use premeasured capsules. Otherwise, it would be difficult to reach a perfect powder/liquid ratio, which would affect the mechanical properties of GIC cements. 27 Worthy of mention is that the GIC has a slight advantage over composites in that it is considered as technique-sensitive, where filling should be done by layers not exceeding 2 mm in isolated, moisturefree operating environment. This is difficult to achieve in elderly patients and noncooperative children with high caries risk or when the rubber dam is impossible to install. 28 The GIC can be a satisfactory alternative therapy in these cases with a superior outcome compared with composites, especially with the release of fluoride, which is an important factor in the prevention against secondary caries. 29 "EQUIA" is considered as less techniquesensitive than resin composite; it is moisture-tolerant and allows a bulk filling technique since it does not undergo volumetric shrinkage during polymerization, unlike composites. 30 Thus, it provides a significant gain of clinical time. The GIC has a working time of <1 minute 15 seconds after activation of the capsule, which makes shaping the occlusal surface of the restoration rather difficult. Usually, the use of a handpiece is needed. 27 Two cases of postoperative sensitivity were reported with the resin composite restorations that may be due to polymerization shrinkage, resulting in high stress due to the configuration factor of the class I cavity responsible for the formation of microhiatus. 2 The composites currently used in the market have a volume contraction rate between 2.58 and 3.08%. According to the manufacturer, the Amelogen Plus (Ultradent) composite has a rate of polymerization shrinkage of around 3%. The volume of the cured resin in composite, its composition, and the degree of conversion control the contraction. 30 Clinical studies are difficult to conduct due to the high rate of "dropout" reducing the sample size and the difficulty to standardize the type, size, and depth of the restored cavity. 20 However, they are more reliable than in vitro studies as the material tested is subjected to the oral environment that is difficult to replicate in vitro.
Resin composite is considered as the material of choice for class I and II posterior restorations. These materials have a major drawback due to the polymerization shrinkage and stress induced that can lead to cracks, postoperative sensitivity, and failure of the restoration.
31
Future long-term prospective studies should be conducted to validate the results of the present study and evaluate the behavior of GIC over time.
CONCLUSION
Within the limitations of this study, EQUIA is a viable alternative to resin composite in restoring class I cavities in permanent teeth, adding the advantages of adhesion, fluoride release, and bulk-fill technique.
